Abstract. Inhibition of histone deacetylases (HDACs) has emerged as a new target for cancer therapies. The present study examined the antitumor effect and molecular mechanism of the HDAC inhibitor apicidin in YD-15 human salivary mucoepidermoid carcinoma (MEC) cells. The cells were treated with apicidin and cell death was quantified using an MTT assay. Apoptosis and autophagy were measured using flow cytometry, immunoblot analysis and cell staining. Regulation of the signaling pathways was monitored using immunoblot analysis and co-treatment with specific inhibitors. Insulin-like growth factor 1 receptor (IGF-1R) was knocked down using specific siRNA. Apicidin significantly inhibited the proliferation of MEC cells. Apicidin also induced apoptosis through the inactivation of extracellular signal-regulated kinase (ERK) and AKT/mTOR signaling and activation of c-Jun NH2-terminal kinase (JNK), whereas apicidin promoted autophagy through inactivation of the AKT/mTOR signaling. These effects may be mediated by the inhibition of IGF-1R, an upstream regulator of MAPK and AKT/mTOR pathways. These results suggested that apicidin is an attractive chemotherapeutic agent against salivary MEC and may be a good candidate for targeting IGF-1R for cancer therapies.
Introduction
Several diseases, especially cancer, are caused by aberrant epigenetic alterations in addition to genetic mutations (1, 2) . Histone acetylation, an example of epigenetic regulation, is a process that is under intensive study since it regulates gene transcription. Histone deacetylases (HDAC), which regulate histone acetylation, are often inappropriately expressed in cancer cells, which lead to the silencing of tumor-suppressor genes or the activation of oncogenes (3) . HDAC inhibition abrogates epigenetic silencing commonly observed in cancer, and a number of HDAC inhibitors have been developed for cancer treatment (4) . Several HDAC inhibitors have been identified through synthetic or natural sources and separated into several structurally distinct classes: short chain fatty, and hydroxamic acids, benzamides, cyclic tetrapeptides, and electrophilic ketones. Members of those classes show substantially different potency and target specificity (3, 5) . Apicidin, a cyclic peptide HDAC inhibitor, was the first reported reversible inhibitor of the in vitro development of apicomplexan parasites and was later shown to have antiproliferative and cyto-differentiation activity in mammalian cells (6, 7) . Apicidin has been shown to exhibit antitumor activity in several human cancer cells. Previous studies reported that apicidin induced apoptosis and cell cycle arrest in ovarian, endometrial and breast cancer cells (8) (9) (10) . Nevertheless, the precise molecular mechanism of cell death effect by apicidin remains unclear and, to the best of our knowledge, has not been previously examined in salivary mucoepidermoid carcinoma (MEC), the most common malignant salivary tumor corresponding to 34% of all salivary malignancies (11) .
Cell death occurs through at least three morphologically distinct subroutines, known as apoptosis, necrosis and autophagy (12) . Apoptosis is a well-defined, programmed mechanism that allows cells to commit suicide and is the major type of cell death induced by various antitumor drugs including HDAC inhibitors (3, 5, 13) . Autophagy plays an important homeostatic role, mediating the removal of dysfunctional or damaged organelles, which are digested and recycled for cellular metabolic needs (14) . Autophagy recently attracted considerable attention in cancer research. However, present autophagy studies are often viewed as confounding, because of its association with apparently contradictory roles, such as survival and cell death, depending on the model used (15, 16) . Apoptosis and necrosis are irreversible forms of cell death, whereas autophagy leads to cell death or paradoxically allows cells to escape cell death (17) . In recent studies autophagy has been identified in tumor cell lines treated with HDAC inhibitors. However, whether autophagy contributes
Apicidin inhibits cell growth by downregulating IGF-1R
in salivary mucoepidermoid carcinoma cells to the anticancer activity of HDAC inhibitors remains to be clarified (16, 18) . Previous studies reported that apicidin induces autophagy in oral squamous cell carcinoma (OSCC) cells, however, the molecular mechanism of apicidin has yet to be thoroughly identified (18) . The present study evaluated the antitumor effect of apicidin and examined whether the molecular mechanisms of apicidin induce cell death in human salivary MEC cells.
Materials and methods
Chemicals and cell culture. (19) . The cells were maintained as monolayers at 37˚C in an atmosphere containing 5% CO 2 /air in RPMI-1640 containing 10% heat-inactivated fetal bovine serum (FBS; Gibco-BRL, Gaithersburg, MD, uSA) and 1% penicillin/streptomycin (Gibco-BRL).
MTT assay. The cells were grown in 96-well plates at a density of 1x10 4 cells/well. The cells were allowed to attach for 24 h, and were then exposed to apicidin. At the end of the treatment period, 20 µl of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT; 5 mg/ml, Sigma-Aldrich) reagent was added to each well. After 4 h incubation in the dark at 37˚C, the supernatant was aspirated and formazan crystals were dissolved in 100 µl of DMSO at 37˚C for 10 min with gentle agitation. The absorbance per well was measured at 540 nm using a VersaMax microplate reader (Molecular Devices Corp., Sunnyvale, CA, uSA).
HDAC activity. The HDAC enzyme activity was measured using a fluorogenic HDAC Assay kit purchased from BD Biosciences (San Diego, CA, uSA) according to the manufacturer's instructions. Briefly, the cell lysates were incubated with vehicle or various concentrations of apicidin and SAHA at 37˚C for 30 min in the presence of an HDAC fluorimetric substrate. The HDAC assay developer, which produces a fluorophore in the reaction mixture, was added, and the fluorescence was measured using Victor3 (PerkinElmer, Waltham, MA, uSA) with excitation at 360 nm and emission at 460 nm. The measured activity was assessed using GraphPad Prism (GraphPad Software, San Diego, CA, uSA).
Trypan blue exclusion assay. The trypan blue exclusion assay was based on the ability of viable cells to exclude the dye.
Five minutes after 0.4% trypan blue was added to the cells, they were loaded into a hematocytometer and counted for the dye uptake. The number of viable cells was calculated as a percentage of the total cell population.
Western blot analysis. The cells were seeded in 6-well plates and exposed to the indicated concentrations (1.0 and 5.0 µM) of apicidin. After treatment, the cells were harvested using lysis buffer (Pro-Prep, Daejeon, Intron, Korea). Protein concentrations were measured using the Protein Assay kit (Bio-Rad, Hercules, CA, uSA) according to the manufacturer's instructions. Total protein was then separated using 10-15% sodium dodecyl sulfate (SDS)-polyacrylamide gels and transferred to polyvinylidene difluoride (PVDF) membrane (NEN Life Science Products, Boston, MA, uSA). The membranes were probed sequentially with antibodies against acetylated histone H3, acetylated histone H4 (upstate, Lake Placid, Ny, uSA), Bax, cytochrome c, cleaved caspase-9, -7 and -3, procaspase 3, poly ADP ribose polymerase (PARP), light change 3B (LC3B), insulin-like growth factor 1 receptor (IGF-1R), ERK, p-ERK, JNK, p-JNK, p38, p-p38, AKT, p-AKT, p-mTOR (Cell Signaling Technology Inc.), p62, and Actin (Santa Cruz Biotechnology, Inc., CA, uSA) at 4˚C for overnight. The blots were developed using an enhanced chemiluminescence (ECL) kit (Amersham Biosciences, Buckinghamshire, uK). The protein levels were normalized by a comparison with the actin levels.
Flow cytometric analysis. The cells were stained using an Alexa Fluor ® 488 Annexin V/Dead Cell apoptosis kit (Invitrogen, Eugene, Oregon, uSA) for apoptosis analysis according to the manufacturer's instructions. Data acquisition and analysis were carried out by a Cell Lab Quanta™ SC flow cytometer (Beckman Coulter Inc., Miami, FL, uSA) and software.
Detection of acidic vesicular organelles.
Autophagy is characterized by the formation and promotion of acidic vesicular organelles (AVOs). To detect the development of AVOs, the cells were stained with acridine orange as previously described (20) . In acridine orange-stained cells, the cytoplasm and nucleus show bright green fluorescence, whereas the acidic compartments exhibit bright red fluorescence (autophagic cells). Briefly, the treated cells were stained with acridine orange (1 µg/ml, Sigma-Aldrich) for 15 min. The samples were observed under fluorescence microscopy (Olympus, Centre Valley, PA, uSA). To quantify the development of AVOs, the stained cells were analyzed by FACScan flow cytometer (Beckman Coulter Inc.) with CellQuest software.
Monodansylcadaverine staining. The autofluorescent agent monodansylcadaverine (MDC; Sigma-Aldrich) was used to evaluate the abundance of autophagic vacuoles in cells. Cells were stained with MDC at a final concentration of 0.05 mmol/l, for 10 min at 37˚C. The cells were washed with phosphate-buffered saline and observed under fluorescence microscopy (Olympus).
siRNA transfection. The siRNA oligonucleotides for IGF-1R were synthesized by Bioneer (Daejeon, Korea), and the non-targeting control siRNA (NC. siRNA) was used as the negative control. The IGF-1R-siRNA sequence used was: sense, 5'-CGACAGGCCuCGuGuAuGA(uu)-3', and anti-sense, 5'-uCAuACACGAGGCCuGuCG(uu)-3' (21). The cells were transfected with 100 nM siRNA for 24 h using Lipofectamine Plus reagent (Invitrogen). The cells were harvested for protein analysis 3 days after transfection. Western blot analysis was used to validate silencing of the protein expression.
Statistical analysis. Data are presented as the mean ± SD of at least three individual experiments. Statistical comparisons between the groups were performed using a two-tailed Student's t-test (Excel, Microsoft). Statistical significance differences were set at P<0.05, P<0.01 and P<0.01.
Results
Apicidin inhibits cell proliferation and HDAC activity. The effect of apicidin on MEC cell proliferation was first examined using the MTT assay. The cells were treated with various doses of apicidin until 48 h. Apicidin significantly inhibited the cell proliferation of YD-15 cells in a dose-and time-dependent manner (Fig. 1A) . Specifically, cell viability was markedly decreased when the cells were treated with 5.0 µM apicidin for 48 h. The enzyme activity and the expression of acetylated histones were next examined to determine the HDAC inhibitory effect by apicidin. The HDAC activity was markedly inhibited by apicidin in YD-15 cells, which reduced the HDAC activity more effectively as compared to SAHA, the first HDAC inhibitor to obtain FDA approval (Fig. 1B) . In addition, apicidin significantly increased the levels of acetylated histone H3 and H4 (Fig. 1C) .
Induction of apoptosis by apicidin. The apoptotic effect of apicidin was examined by flow cytometry and western blotting. Apicidin significantly increased the number of Annexin V-positive apoptotic cells in a dose-dependent manner ( Fig. 2A ). As shown in Fig. 2B , cytochrome c levels were increased in the cytosol fraction, and Bax and cleaved PARP were also induced in YD-15 cells after apicidin treatment. Apicidin significantly induced the activation of caspase-9, -7 and -3 in YD-15 cells (Fig. 2C) . These results showed that apicidin induced caspase-dependent apoptosis via the mitochondria-mediated intrinsic pathway in YD-15 MEC cells.
Induction of autophagy by apicidin.
The levels of the microtubule-associated protein 1 LC3-II, a marker for autophagic vesicles and p62 as a marker for autophagic flux were determined to investigate the possibility of apicidin-inducing autophagy in YD-15 cells. As shown in Fig. 3A , the level of LC3B-II increased by apicidin treatment in a dose-dependent manner, whereas p62 was decreased. The autophagy response by apicidin was examined using acridine orange and MDC staining. Flow cytometry using acridine orange staining showed that apicidin induced the number of acidic vesicles (red signal) in a dose-dependent manner, as confirmed by fluorescence microscopy ( Fig. 3B and C) . MDC staining also showed increased AVOs in apicidin-treated cells compared to the control (Fig. 3C) . These results showed that apicidin induced autophagy in YD-15 cells.
Function of autophagy and interaction between autophagy and apoptosis.
To investigate the function of autophagy by apicidin and interaction between apoptosis and autophagy, YD-15 cells were co-treated with the specific autophagy inhibitor, chloroquine (CQ), and apicidin. Cell viability was examined using the Trypan blue exclusion assay. As shown in Fig. 4A , co-treatment with apicidin and CQ reduced cell viability compared to apicidin treatment alone. The levels of PARP and LC3B-II expression were examined by western blotting. Apicidin with CQ increased the levels of PARP cleavage and LC3B-II arrest by inhibiting autophagic degradation compared to apicidin-alone treatment (Fig. 4B) . These results indicated that the inhibition of autophagy enhanced apicidin-induced apoptosis (Fig. 4B) . Increased apoptosis by autophagy inhibition was confirmed by flow cytometry. The percentage of apoptotic cells was significantly increased in the co-treated cells compared to apicidin alone-treated cells (Fig. 4C) . These results suggested that autophagy has a prosurvival function in YD-15 cells. The total cell lysates were prepared and 30 µg of the protein was subjected to SDS-PAGE followed by western blot analysis and chemiluminescent detection. Western blot analysis was performed using a series of antibodies and acetylated histone H3 and H4 levels were analyzed. The protein levels were normalized by a comparison with the actin levels. The representative bands from three independent experiments are shown. MEC, mucoepidermoid carcinoma; SDS, sodium dodecyl sulfate; HDAC, histone deacetylase. Cell cytosolic extracts were subjected to western blot analysis using an antibody against cytochrome c. The total cell lysates were prepared and the protein was subjected to SDS-PAGE followed by western blot analysis and chemiluminescent detection. Western blot analysis was performed using a series of antibodies; Bax, PARP, cleaved caspase-9, -7 and -3. The protein levels were normalized by a comparison with the actin levels. The representative bands from three independent experiments are shown. SDS, sodium dodecyl sulfate; PARP, poly ADP ribose polymerase; PI, propidium iodide. Cell lysates were subjected to western blot analysis using an antibody against LC3B and p62. The protein levels were normalized by a comparison with the actin levels. The representative bands from three independent experiments are shown. (B) Fluorescence-activated cell sorting analysis using acridine orange. The cells treated with apicidin for 48 h were stained with acridine orange (1 µg/ml) and subjected to flow cytometry. FL1, green color intensity; FL3, red color intensity. Top of the grid was considered as AVO. The data are presented as the mean ± SD of three independent experiments. *** Apicidin-induced apoptosis was oppositely inhibited by co-treatment with a caspase pan-inhibitor, z-VAD-fmk, and the induction of apoptosis and autophagy was observed. Apicidin with z-VAD-fmk increased the cell viability and reduced the levels of cleaved PARP and caspase-3 compared to apicidin-alone treatment ( Fig. 5A and B) . Reduced apoptosis by co-treatment was confirmed by flow cytometry (Fig. 5C) . However, apicidin treatment with z-VAD-fmk increased the level of LC3B-II expression and reduced p62 expression compared to apicidin treatment (Fig. 5B) . These results showed that the inhibition of apoptosis enhanced apicidin-induced autophagy in YD-15 cells.
Regulation of MAPK and AKT/mTOR pathway by apicidin in YD-15 cells.
To evaluate the molecular mechanism of apoptosis or autophagy by apicidin, the regulation of MAPK and AKT/mTOR pathways was monitored in apicidin-treated cells. These signaling pathways are important in cell survival and proliferation events and are well-established mediators of the malignant phenotype. The MAPK family mainly consists of ERK, JNK, and p38 MAPK kinase members (22) . The effects of apicidin on the activation of ERK, JNK and p38 MAP kinases were first examined by western blotting. Apicidin decreased the level of ERK phosphorylation and increased the level of JNK phosphorylation, but had no effect on the level of p38 phosphorylation (Fig. 6A) . The phosphorylation of AKT and mTOR as the main downstream mediator of AKT was measured in apicidin-treated cells. Apicidin markedly inhibited the phosphorylation of AKT and mTOR in yD-15 cells (Fig. 6B) . These results suggested that apicidin inhibited cell proliferation by regulating ERK, JNK and AKT/mTOR pathways.
Involvement of the MAPK and AKT/mTOR pathways in apicidin-induced apoptosis and autophagy.
In order to determine which pathway is involved in apoptosis or autophagy in apicidin-treated YD-15 cells, the cells were co-treated with apicidin and specific MAPK or AKT/mTOR pathway kinase inhibitors, including u0126 (ERK inhibitor), SP600125 (JNK inhibitor) and Ly294002 (PI3K/AKT inhibitor). As shown in Fig. 7A , enhanced ERK inhibition by apicidin with u0126 increased the cleaved PARP and decreased the cell viability of the co-treated cells compared to apicidin alone-treated cells. On the other hand, there were no significant differences in LC3B-II expression. The inhibition of apicidin-induced JNK phosphorylation by SP600125 reduced cleaved PARP, but not LC3B-II expression, and increased the cell viability in the co-treated cells compared to the apicidin-treated cells. This result suggested that the inhibition of ERK and induction of JNK signals by apicidin mediated apoptosis in yD-15 cells, but not autophagy. Enhanced AKT inhibition by apicidin with LY294002 induced the increase of cleaved PARP and the decrease of pro-caspase-3, indicating the induction of apoptosis. In addition, the level of LC3B-II expression was higher in the co-treated cells than the apicidin-treated cells (Fig. 7B) . These results suggested that the inhibition of AKT/mTOR signal by apicidin mediated apoptosis and autophagy simultaneously in YD-15 cells. Induction of apoptosis and autophagy through enhanced AKT inhibition was confirmed by flow cytometric analysis using Annexin V/PI and acridine orange staining in co-treated YD-15 cells (Fig. 7C) . (Fig. 8B and C) . The expression levels of cleaved PARP and LC3B-II were also increased in siIGF-1R-transfected YD-15 cells (Fig. 8D) . These results showed that IGF-1R knockdown induced apoptosis and autophagy in yD-15 cells. We also examined whether the effect of IGF-1R knockdown on apoptosis and autophagy was associated with the regulation of ERK, JNK and AKT/mTOR signals by western blotting. As shown in Fig. 8E , knockdown of IGF-1R markedly inhibited ERK phosphorylation and induced slight JNK phosphorylation in yD-15 cells. The inhibition of AKT and mTOR phosphorlyation was also observed in siIGF-1R-treated cells. These effects of IGF-1R knockdown in siIGF-1R-transfected YD-15 cells showed a similar pattern to that observed in apicidin-treated YD-15 cells. Therefore, the inhibition of IGF-1R in YD-15 cells by apicidin was strongly mediated by the induction of apoptosis and autophagy through regulation of the ERK, JNK and AKT/mTOR pathways.
Inhibition of IGF-1R was associated with apoptosis and autophagy by apicidin. IGF-1R is commonly overexpressed

Discussion
Salivary gland cancers account for ~5% of all head and neck malignancies (24) . MEC is the most common primary malignancy in the salivary gland, however, few clinical trial data have addressed the role of systemic therapy specific to this type of tumor (25) . HDAC inhibitors are a relatively new class of anticancer agents that play an important role in inducing apoptosis, and cell cycle arrest in several cancer cells (1,8,9 ). However, the antitumor effect of HDAC inhibitor on MEC The cells were treated with 5 µM apicidin (A5) after pretreatment of u0126 10 µM (ERK inhibitor) or in the presence of SP600125 10 µM (SP, JNK inhibitor). Western blot analysis was performed using PARP and LC3B. The protein levels were normalized by a comparison with actin levels. Cell viability was determined by trypan blue exclusion assay. (B) The cells were treated with 5 µM apicidin after pretreatment of Ly294002 50 µM (Ly, PI3K/AKT inhibitor). Western blot analysis was performed using PARP, pro-caspase-3 and LC3B. The protein levels were normalized by a comparison with the β-actin levels. Cell viability was determined using a trypan blue exclusion assay. (C) Apoptosis was determined by flow cytometry for Annexin V-FITC and PI dual labeling. Autophagy was determined by flow cytometry using acridine orange staining. The data are presented as the mean ± SD of three independent experiments. The cells were transfected with IGF-1R siRNA (100 nM) and NC. siRNA (100 nM). After 24 h transfection, the medium was changed to remove the transfection complexes and the cells were harvested after 48 h. Western blot analysis was performed using IGF-1R. The protein levels were normalized by a comparison with the actin levels. Cell viability was determined using a trypan blue exclusion assay. (C) Apoptosis was determined by flow cytometry for Annexin V-FITC and PI dual labeling. Autophagy was determined by flow cytometry using acridine orange staining. The data are presented as the mean ± SD of three independent experiments. has yet to be determined. The present study first examined the antitumor efficacy of apicidin against human MEC cells. The data showed that apicidin inhibited cell proliferation and HDAC activity in YD-15 cells. Inhibition of cell growth by apicidin was also confirmed with MC-3 human MEC cells (data not shown). Our previous study reported for the first time that apicidin induced both apoptosis and autophagy in OSCC cells (18) . Consistent with this observation, apicidin induced apoptosis as well as autophagy in YD-15 cells.
Several studies have described autophagy in tumor cell lines treated with chemotherapeutic agents including HDAC inhibitor. However, whether this role is protective or toxic to cancer cells has to be answered differently depending on the model used (1, 26, 27) . Autophagy offers protection against cancer by promoting autophagic cell death or contributing to cancer by promoting the survival of nutrient-starved cells (28) . Moreover, the relationship between apoptosis and autophagy is different in cancer cells depending on the type of cell stress induced; in some cases apoptosis and autophagy act antagonistically, while in other cases autophagy enables apoptosis (29) (30) (31) . To determine the function of autophagy and the relationship between apoptosis and autophagy, an autophagy inhibitor, CQ, and caspase inhibitor, z-VAD-fmk, were treated with apicidin. The inhibition of autophagy by CQ reduced the cell viability through enhanced apicidininduced apoptotic cell death, similar to previous studies on apicidin-treated OSCC cells (18) . By contrast, the inhibition of apoptosis by z-VAD-fmk increased apicidin-induced autophagy, resulting in an increase in cell survival. These results suggest that apoptosis and autophagy by apicidin act antagonistically and autophagy exerts a protective role towards the activation of apoptosis by apicidin treatment in human MEC cells.
Although apicidin induces apoptosis and autophagy in cancer cells, the molecular mechanisms of apicidin remain unclear. The MAPK and PI3K/AKT/mTOR pathways are important signaling cascades in human cancer as a result of genetic alterations (32) . The present results showed that apicidin inhibited the activation of ERK and AKT/mTOR but also induced JNK activation in yD-15 cells. Although JNK and p38 MAPK activities are involved in pro-apoptotic events, activation of the ERK pathway is involved in numerous cell responses, such as cell proliferation and survival (33) . Similarly, the activated AKT pathway is involved in survival and proliferation (34) . Inhibition of the MEK/ERK and AKT signaling pathways potentiates HDAC inhibitor-induced cell death in cancer cells (35, 36) . Therefore, we suggest that apicidin inhibits cell proliferation through the inactivation of ERK, AKT signals and activation of JNK signal. It was confirmed that ERK and AKT inhibitors enhanced apicidin-induced cytotoxicity, whereas JNK inhibitors reduced this cytotoxicity. This result suggests that apicidininduced cell death is mediated by the reduction of ERK and AKT, and induction of JNK pathways in yD-15 cells.
The present study aimed to identify which signaling pathway is involved in apicidin-induced apoptosis and autophagy. The MAPK and PI3K/AKT/mTOR signaling pathways are well characterized with regard to the transmission of anti-apoptotic signals in cell survival and determining the effect of apoptotic responses on anticancer drugs (37, 38) .
Disruption of the PI3K/AKT signaling pathway, culminating in the inhibition of AKT has been consistently associated with indicators of autophagy in cancer cells (39, 40) . Inhibition of AKT signaling reduces the activity of mTOR, which is a key negative regulator of autophagy. The MAPK/ERK signaling pathway has been associated with the regulation of autophagy. In particular, the upregulation of ERK1/2 activity is imperative for induction of autophagy in cancer cells (41) . Our results show that the inhibition of ERK and JNK activation oppositely regulated apicidin-induced apoptosis, although the autophagic effect was unaffected. By contrast, the inhibition of AKT activation enhanced apicidin-induced apoptosis and autophagic effects. Therefore, the data suggest that the apoptotic effect of apicidin is mediated by the ERK, JNK and AKT/mTOR pathways, whereas the autophagic response of apicidin is mediated by the AKT/mTOR pathways.
We also aimed to identify a potential upstream regulator of MAPK and AKT/mTOR pathways modulated by apicidin. The present study focused on IGF-1R, which is one of the upstream receptor tyrosine kinase responsible for activating the two major cascades, PI3K/AKT and MAPK (22) . IGF-1R is frequently overexpressed in several cancers and the tumor-genetic salivary gland epithelial cells model and is now an attractive anticancer treatment target (42, 43) . Previous studies have shown that HDAC inhibitors inhibited IGF-1R expression in cancer cells (44, 45) . The present data also show that apicidin markedly inhibited the level of IGF-1R expression in YD-15 cells. Inhibition of IGF-1R expression by apicidin was also confirmed with MC-3 human MEC cells (data not shown). To further examine whether the inhibition of IGF-1R regulates apoptosis and autophagy through MAPK and AKT/mTOR pathway, IGF-1R was silenced by siRNA transfection in YD-15 cells. The data show that silencing of IGF-1R with siRNA results in apoptosis and autophagy through the action of downstream kinases, and is similar to the results obtained by apicidin treatment in YD-15 cells. These results suggest that apicidin exerts its antiproliferative properties through the suppression of IGF-1R in MEC cells.
In conclusion, apicidin induces apoptotic cell death by inactivating the ERK and AKT/mTOR signaling pathways and activating JNK signaling, whereas apicidin promoted pro-survival autophagy by inactivating the AKT/mTOR signaling pathways in YD-15 cells. These two events are mediated by the inhibition of IGF-1R. Therefore, the present study suggests that apicidin is an attractive antitumor agent for MEC treatment and a good candidate for targeting IGF-1R for cancer therapy. In addition, autophagy inhibitor enhances the anti-therapeutic effects of apicidin against human MEC.
